Background: Dorsally displaced distal radius fractures (DDDRF) are frequent injuries in clinical practice. Traditional percutaneous Kirschner wires (K-wire) and open reduction with volar locking plate (VLP) are the two most common surgical fixation techniques used to manage DDDRF. However, there is no current consensual evidence to guide the selection of one technique over the other. Therefore, we undertook a systematic search and meta-analysis to compare clinical outcomes and complications of these two treatment approaches for DDDRF. Methods: The following electronic databases were searched by two independent reviewers, up to April 2015: PubMed, ScienceDirect and Wiley Online Library. High-quality randomized controlled trials (RCTs) comparing VLP and percutaneous K-wire fixation for DDDRF were identified. Pooled mean differences were calculated for the following continuous outcome variables: disabilities of the arm, shoulder and hand (DASH) score, grip strength and wrist range of motion. Pooled odds ratios were calculated for rates of total postoperative complications, including superficial infection, deep infection, complex regional pain syndrome (CRPS), carpal tunnel syndrome (CTS), neurological injury, tendon rupture, tenosynovitis, loss of reduction and additional surgery to remove hardware. The meta-analysis was completed using RevMan 5.3 software. Results: Seven RCTs, with a total of 875 patients, were included in our meta-analysis. Open reduction internal fixation (ORIF) with VLP fixation provided statistically lower DASH scores, reduced the incidence of total postoperative complications and specifically lowered the rate of superficial infection, when compared, over a 1-year follow-up, to percutaneous K-wire fixation. VLP fixation also provided significantly better grip strength and range of wrist flexion and supination in the early 6-month postoperative period, compared with percutaneous K-wire fixation. Conclusion: ORIF with VLP fixation provided lower DASH scores and reduced total postoperative complications, most specifically lowering the risk for postoperative superficial infection compared to K-wire fixation over a 1-year follow-up period. However, superficial pin track infections do not cause clinical debility in the vast majority of cases. Thus, the claim of reduced superficial infection rate may not be clinically important. The only reasonable conclusion that can be drawn is that at present, there is insufficient data even on our meta-analysis to help the clinician make an informed choice.
Background
Distal fractures of the radius comprise the largest portion of orthopaedic fractures, accounting for one sixth to one fourth of all fractures treated in clinical emergency departments [1] . These fractures are more common in postmenopausal women. The lifetime risk of sustaining a fracture of the distal radius is 15 % for women and 2 % for men [2] . Among all fractures, dorsally displaced distal radius fractures (DDDRF) are the most common. As the population is ageing, the specific incidence of this fracture type will, undoubtedly, increase in the coming years. In the past, many of these fractures were managed nonoperatively. However, the high incidence of malunion, associated with nonoperative management led to poor clinical outcomes, including pain and disability. Advances in internal fixation techniques have resulted in increased reliance on operative approaches for the management of DDDRF. Closed reduction and fixation with percutaneous Kirschner wires (K-wire) has historically been the most common operative approach for distal radius fractures, providing a relatively quick and inexpensive treatment method [3] .
It was accepted that percutaneous pinning with K-wires should be considered for patients with unstable extraarticular or simple intra-articular distal radius fractures [4] . However, percutaneous K-wires are not loadbearing devices and, therefore, cannot protect against radial shortening, especially in osteoporotic bone, which has been associated with poor postoperative functional outcomes [5] . Open reduction and internal fixation using a volar locking plate (VLP) is increasingly being used as an alternative to K-wire fixation, providing stability and allowing early mobilization of the hand and wrist [6] . Both the K-wire and VLP fixation techniques present different advantages and disadvantages.
While several prospective randomized controlled trials [7] [8] [9] [10] [11] [12] [13] and comparative trials [14] [15] [16] have been conducted to compare both the K-wire and VLP fixation techniques for the management of DDDRF, the optimal surgical management is still debated. In fact, there is little evidence in clinical practice to support one fixation technique over the other. To our knowledge, comparison of the VLP and K-wire fixation techniques has not been systematically evaluated through a meta-analysis. Therefore, we undertook a comprehensive meta-analysis using RCTs to evaluate the evidence for both VLP and K-wire fixation techniques in the treatment of DDDRF. Postoperative functional outcomes and complication rates were pooled from published trials comparing surgical and functional outcomes for VLP and K-wire fixations. We also performed a subgroup analysis to evaluate functional outcome at different periods of follow-up, with the aim of discovering the rehabilitation tendency based on the best available evidence.
Methods

Retrieve strategy
The meta-analysis was performed according to the guidelines from the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) Statement for reporting from a wide range of systematic reviews [17] . The following electronic databases were searched by two independent reviewers, up to 
Selection criteria and quality assessment
The following inclusion criteria were applied for identification of relevant studies: According to the Cochrane handbook for systematic reviews of interventions 5.3, the methodological quality of included RCTs was independently assessed by two authors (Zong and Su), using a modified version of the generic evaluation tool used by the Cochrane Bone, Joint and Muscle Trauma Group. Disagreements between quality assessments were resolved by discussion. A third author (Kan) adjudicated the decision when no consensus could be achieved. Bias was evaluated, using the ' Assessing the Risk of Bias' table [18] . Bias was evaluated on the following key domains: random sequence generation, allocation concealment, blinding of participants and personnel, blind outcome assessment, incomplete outcome data, selective reporting and other sources of bias. 
Data extraction
Two of authors (Zong and Su) independently extracted relevant data from the retrieved articles, including study design, patient characteristics, surgical interventions and patient-based outcomes. The extracted data were re-examined by another author (Kan).
Data synthesis and analysis
Meta-analysis was performed using the Review Manager (RevMan version 5.3, Copenhagen, Denmark, The Nordic Cochrane Centre) programme, including graphic representation of the pooled data. For dichotomous variables, odds ratios (OR) and 95 % confidence intervals (CI) were calculated. For continuous data, means and standard deviations were used to calculate weighted mean differences (WMD), including 95 % CI. Statistical heterogeneity between studies was formally tested with the standard chisquare test to assess inconsistency in a study's results. The I 2 value was calculated to estimate the size of the heterogeneity. Regardless of statistical heterogeneity, we pooled all results using a random-effect model, with the level of significance set at p = 0.05. A probability of p < 0.05 was regarded to be statistically significant. We also assessed the presence of bias within the published data by using a funnel plot of the reported primary outcomes.
Results
Study characteristics
Our search strategy is shown in Fig. 1 . Our search identified a total of 1604 citations as potentially relevant to our meta-analysis. Identified citations were screened by their title and abstract and complete articles read as required. Seven studies [7] [8] [9] [10] [11] [12] [13] satisfied our inclusion criteria and were entered into the meta-analysis. These seven RCTs provided complete data sets, at all time points of measurement in the trial, for a total of 875 patients. Relevant characteristics of patients included in the meta-analysis are reported in Table 1 . While the overall quality of the RCTs was high, certain methodological limitations were identified and are shown in Figs. 2 and 3.
Meta-analysis results
Mean difference in DASH scores
The DASH score was one of the most commonly reported functional outcome measures among the seven studies [7] [8] [9] [10] [11] [12] [13] . Analysis of the pooled DASH score data revealed a significant difference in score favouring the VLP over the K-wire fixation technique at 3, 6 and 12 months, postoperatively (Fig. 4) . Over a 1-year postoperative period, patients who had been managed with VLP fixation had significantly lower DASH scores compared to scores for patients who had been managed with percutaneous K-wire fixation. This difference in score was specifically apparent over the first three postoperative months, followed by a stable trend over the remaining assessment time points.
Mean difference in grip strength and wrist ROM
Grip strength was documented in four studies [9] [10] [11] 13] . Analysis revealed a significant difference in grip strength favouring VLP fixation at 3 and 6 months, but not at 1 year, postoperatively (Fig. 5) . For wrist range of motion (Figs. 6  and 7 ). There were no other significant effects of fixation techniques on the other wrist ROMs (Table 2) .
Odds ratio for total complications
All seven RCTs [7] [8] [9] [10] [11] [12] [13] reported data on incidence rates of postsurgical complications, including superficial infection, deep infection, complex regional pain syndrome (CRPS), carpal tunnel syndrome (CTS), fracture recurrence, nerve and tendon injury, loss of reduction, additional surgery for hardware removal, pin migration and revision. Meta-analysis of overall treatment effect revealed a significantly increased risk for total complications for patients with K-wire fixation when compared to patients with VLP fixation (Fig. 8) .
Odds ratio for specific complications
The incidence of superficial infection was calculated in five RCTs [7, 9, 10, 12, 13] . The incidence of superficial infection was significantly higher for patients with K-wire fixation compared to patients with VLP fixation (Fig. 9) . While the rate of CRPS, nerve injury, tenosynovitis and loss of reduction was not significantly different for the two types of fixation methods, there was a tendency for a lower total incidence of these complications in patients treated with VLP fixation (Table 3) .
Publication bias
A funnel plot of total complications was used to evaluate publication bias (Fig. 10) . The symmetry of the funnel plot of total complications showed no evidence of bias in the small number of RCTs included. The result of Egger's test also suggested no existence of publication bias (P > 0.05).
Discussion
Prospective randomized controlled trials (RCTs) provide level I evidence [19] . Our meta-analysis pooled data from the seven RCTs identified, comparing surgical and functional outcomes of VLP and K-wire fixation techniques were compared, providing clinicians with high-quality evidence to inform their clinical decisions. Our meta-analysis showed that patients in whom DDDRF was managed using open reduction internal fixation (ORIF) with VLP had lower DASH scores, reduced total complications and lower superficial infection rates. Other specific complications were not found to be significantly different between the two fixation techniques. Grip strength and ROM of the wrist in flexion and supination were also found to be significantly better in patients with VLP, compared to those with K-wire fixation group, in the first 6 months postoperatively.
Global hand function was evaluated using the upper limb functional evaluation scoring system-the DASH score. The DASH is a validated 30-item, self-report questionnaire designed to measure physical function and symptoms in patients with musculoskeletal disorders of the upper limb, with a total score ranging between '0' , indicative of normal use of the upper limb, to '100' , indicative of a nonfunctional upper limb. It was generally agreed that the DASH scores tend to show similarity at the end of 1 year following DDDRF. No significant difference existed in DASH scores at 12 months in many recent studies [7-10, 13, 20] . However, we performed a meta-analysis of DASH scores at 3, 6 and 12 months postoperatively by pooling the data from six RCTs [7, [9] [10] [11] [12] [13] . DASH scores were significantly lower (i.e. less impairment in upper limb function), for all time points of measurement over 1 year postoperatively, for patients who underwent ORIF with VLP compared to patients with K-wire fixation. The difference in DASH scores between the two patient groups, however, tended to decrease over time. It is possible that the higher DASH scores for patients with K-wire fixation over the initial postoperative phase may be due to delayed onset of wrist ROM exercises. Therefore, the VLP fixation technique could be considered for patients requiring a faster return to function after injury.
Pooling the data from four RCTs [9] [10] [11] 13] , our metaanalysis found that grip strength was significantly better in patients with VLP fixation at 3 and 6 months postoperatively, with no significant difference at 12 months postoperatively. We found range of wrist flexion and supination to be significantly better in patients with VLP fixation at 3 and 6 months, again with no significant difference, compared to patients with K-wire fixation, at 12 months. There were no differences for other ROMs of the wrist between the two patient groups. In our analysis, we presumed that patient-reported function and satisfaction, as recorded by the DASH, was partially related to objective assessments of wrist and hand function (i.e. ROM and grip strength) following DDDRF, which could explain statistical differences in grip strength between the two patient groups over the early postoperative period. But the ROMs of the wrist and grip strength between the two patient groups are also similar at 1 year. Even extension and pronation do not show any difference even at 6 months. The argument of improved ROMs at an earlier time is not entirely true. So the selective return of wrist movements may not benefit the patient much clinically. We did not include radiographic data in our metaanalysis because the criteria for radiographic outcomes were not uniformly reported across RCTs. Furthermore, these radiographic parameters did not necessarily correlate with subjective functional outcomes [21, 22] .
Our meta-analysis also showed that VLP fixation significantly reduced the incidence of total surgical complications and superficial infections over 1 year of follow-up. In contrast, surgical complication was found to be a major problem with use of the K-wire fixation technique. The rate of superficial infections was significantly higher in patients with K-wire fixation, compared to those with VLP fixation. Once the patients developed pin track infections, Thus, the claim of reduced superficial infection rate may not be clinically important. Pooled data and meta-analysis showed a further, nonsignificant, tendency for lower incidence of other surgical complications in patients with VLP fixation compared to K-wire fixation, including lower risk of nerve palsy, CRPS, tendon injury and loss of reduction. According to the result of our meta-analysis, VLP may be a superior fixation technique, over traditional K-wire fixation, for the clinical management of DDDRF. However, from a cost-analysis perspective, both Shyamalan [23] and Dzaja [24] found the cost of VLP to be two-to threefold higher than that of K-wire fixation. Surgeons must weigh all evidence when determining the optimal treatment for DDDRF in collaboration with the patient. We do champion the idea of shared decision making in orthopaedics [25] . The surgeon must provide patients with evidencebased information regarding the risks and benefits of the two surgical fixation techniques, taking into consideration a patient's expectations, lifestyle and associated injuries in determining the most appropriate treatment approach.
Our meta-analysis has several clinical limitations. The maximum follow-up period of the RCTs was relatively short at 12 months in five RCTs [7] [8] [9] [10] 13 ] and 6 months in two [11, 12] . Although an average follow-up of 12 months is sufficient to evaluate the result of DDDRF treatment [26] , the results of long-term follow-up remain to be clarified. In addition, inclusion criteria were not absolutely consistent across RCTs (e.g., different fracture types and age of patients) and different levels of technical expertise of orthopaedic surgeons could also cause a certain degree of clinical heterogeneity. The current evidence is also limited by the methodological quality of the RCTs, with only two studies [10, 11] specifically stating that they followed the intention-to-treat principle. As well, although data from seven RCTs was included in the meta-analysis, the relatively small number of participants limited the statistical power of findings. Future RCTs are needed to improve the statistical outcomes.
Conclusion
ORIF with VLP fixation provided lower DASH scores and reduced total postoperative complications, most specifically lowering the risk for postoperative superficial infection compared to K-wire fixation over a 1-year follow-up period. VLP fixation also provides better recovery of postoperative grip strength and ROM of wrist flexion and supination in the early 6-month postoperative period. However, owing to the limitation and bias of the evidence in our meta-analysis, all the above viewpoints require larger and more rigorously powered multicentre RCTs for confirmation. The only reasonable conclusion that can be drawn is that at present, there is insufficient data even on our meta-analysis to help the clinician make an informed choice. 
